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SPAM

Solar Particle Access Model

An empirically derived data driven model
for mapping solar particle flux
throughout the magnetosphere for
satellite anomaly monitoring and
attribution




During a solar energetic particle (SEP) event, high
energy ions streaming from the sun flood near Earth
space for days to weeks.

These ions can pass through satellite
microelectronics causing device failure or
uncommanded mode/state changes.

Some regions are shielded as ions are deflected by
Earth’s magnetic field.

Polar orbiting MEO/LEO satellites will pass in and
out of high flux regions.

Monitoring the threat from these ions requires
knowledge of where they have access or are

deflected.
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Why SPAM?

Increasing # of satellites in orbit
* Projected 50,000+ in LEO

Space weather and SEPs are an overlooked
aspect of Space Traffic Management

Upsets caused by SEPs are an unknown threat
* Last eventin 2017

An issue for one satellite can escalate to an
issue for many (i.e Galaxy 15 zombiesat)

Forensic tools for monitoring/identifying SEP
related anomalies are limited
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Source: 18t Space Control Squadron (DoD)

27 “emergency” Conjunction Data Messages
(CDMs) sent daily in 2019 to warn operators of
possible collisions




Why SPAM?

Current models: o . .
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* Physics based: trace particle trajectories

 Statistical: Define average locations based
on past event
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* Don’t capture the observed dynamic
variations

e Give single cutoff locations and don’t
describe how the flux increases across that
boundary which is important for satellite
impacts.

* Are not easily accessible to satellite
operators. 3
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Benefits of SPAM

Measures SEP access regions using real time
LEO observations (POES/MetOP)

Instead of providing one cutoff boundary, the
flux profile is described by a Weibull function.

Captures MLT variations

Maps flux to all altitudes with functional fits
created from comparing high and low altitude
satellite observations

Available as a real time web application




STEP 1: Weibull Fits

* Fit each pass of POES/MetOp (low altitude) particle fluxes to Weibull
functions for 20 years of SEP events (7/01/1998-01/01/2018).

Example Fit
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STEP 2: Characterize MLT variation at LEO

* Normalized LO values as a function of dynamic pressure and MLT
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STEP 3: Map from low to high altitude

* Map each L, value observed at POES to the
MLT of HEO using the MLT/dynamic pressure
maps

* Regress the high and low altitude values to
define the mapping

* The SPAM correlation is much higher than
those obtained when comparing statistical or
physics based methods to high altitude data
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Generate internal charging history

© & https://satcat.spacehaz.com = 50%

About SalCAT - Generate Data - Display Data = Account Settings = Help - Logout
| New Collection Parameters Available Data Collections
i 6 To create a new dataset, il n the parameters below and Below are descriptions of datasets available for analysis and display. Four
! click Create Dataset’. An email will be sent when sets of GEO data for virual satelltes at fixed longitudes are openly
i generation is complete and the data is ready for viewing available (o all users. All others are accessible only by the user who
! A (it may take several hours to generate a year of data) created the data. To delete a dataset click on the ' button In the last
A column.
: § Collection  [Unique name/descriptio
. . omen Type Thickness Time
3 T . ) X
S=ib * GEO 0 degree E
. . 3 Hazard Type Intemal Chargin long from 2016-01-01
N VP rging 50, 10.0] 00:00:00
Shielding Internal Charging o ongoing

Thicknesses [e.g 50,75,100 (mils) Kapton (298-473 K)

GEO 90 degree E

long from 2016-01-01
38: [5.0,10.0] 00:00:00

Starttime 2018-10-18 06:38:02 o Clae % ok

Real-ime & Kapton (298-473 K)

i i i : w Dataset GEO 180 degree E
« SPAM will be integrated into the & .
Satellite Charging Assessment Tool Generate SEU
framework that currently gives

Materials Borosilicate glass

New Parts Parameters About SatCAT - Generate Data ~ Display Data - Account Settings ~ Help ~
Custom Distlave 0210172016 00:00 t0/05/23/2019 00:00
H H None  Spedes  LET  SEU Create a new part for SEU analysis by : )
% Al To view data, choose a custom display
expectead Internal cnarging nazaras Spaces Flux S e e
Part'.
Species h+ all species Intelsat long decay s 100e3
(E)Utpu_ﬁ 1.0,5.0,10.0 Name Unique part name or de OR create a new custom display. e
° nergies i i -
ttps://satcat.spacehaz.com 9 s
. : ° Thickness .50 (mils) name in the pop-up fext box. Add plots 1.00840

o the blank workspace using the
LET Flux Algorithm weibull parameter box below. To delete a
custom display click [x] nextto the name

e The application allows users to M —

i ;
Material Sigma Limit (cm*2)

Width Plot Parameters.

choose a satellite from the NORAD .

choose the data collection and click ‘Add
RPP Analysis OV defaut Plot. To delete plot panels, download
nalysis . : data, or save images use the top right
SEU Rate dimensions button on each plot panel. Click on any
. 10 data trace for a detailed view with
catalogue ana generate a time seupare e e
1.0

highest days.

add new part Thickness 10 (microns) Data Collection|GEO 0 degree E lor |

history of ion fluxes and upset rates e
for different components that is Add anomaly times
stored in a database and updated in T —

1 e
New Anomaly Parameters Anomalies

r e a I t I | I l e To delete an anomaly event click the 'x' button to the right

Tp add an a_nomal_y event for a Date time IEBE
given satellite, fill in the parameters
. . below. Once anomalies are added, 2019-04-07 00:00:00 | Failure | [x
) A d d | different anomaly types can
I S S O a n O I I . a y I l | I e S selectively be plotted on displays of
charging levels. Complete anomaly
lists are shown to the right.

e Display and analyze T -

— COF
CMT (50191106 14:39:00 .

Shielding

S Charge Distribution

Time

Label Type (eg. ESD) 5 0.A7 076 404 433 46\ 490 248

Add Log10( Q)



https://satcat.spacehaz.com/

) ¢ | 4
Summary

The need for satellite anomaly monitoring and forensics tools like SPAM wiill
likely increase as we move into an era that requires coordinating the
operation of 10's of thousands of satellites.

SPAM gives a better representation of the solar particle flux near Earth for
satellite anomaly monitoring by relying on real time observations.

SPAM captures the flux profile across cutoff boundaries instead of giving
single boundary locations.

When completed, SPAM will be easily accessible to satellite operators
thro.ggh. an online application for hazard monitoring and anomaly
attribution.



